Application No. 10/551,842 

Reply to Office Action of October 9, 2009 

REMARKS/ARGUMENTS 

Favorable reconsideration of this application, in view of the present amendment and 
in light of the following discussion, is respectfully requested. 

Claims 2-8, 14-23, 25, 28, and 29 are pending. In the present amendment, Claims 2, 
14, 22, 23, 25, 28, and 29 are currently amended and Claims 1,9-13, 24, 26, and 27 arc 
canceled without prejudice or disclaimer. Support for the present amendment can be found in 
the original specification, for example, at page 14, line 2 to page 15, line 3, at page 19, lines 
24-27, at page 19, line 30 to page 20, line 2, and in Figures 2, 3, and 6. Thus, it is 
respectfully submitted that no new matter is added. 

In the outstanding Office Action, Claims 24-29 were rejected under 35 U.S.C. § 1 12. 
first paragraph; Claims 1-7 and 9-29 were rejected under 35 U.S.C. § 103(a) as unpatentable 
over Alfano (U.S. Patent No. 4,479,499) in view of Everett et al. (U.S. Patent No. 6,522. 407. 
hereinafter " Everett "); and Claim 8 was rejected under 35 U.S.C. § 103(a) as unpatentable 
over Alfano in view of Everett , and further in view of Karazivan et al. (U.S. Publication No. 
2005/0 181333, hereinafter " Karazivan "). 

Initially, it is noted that Claims 1,9-13, 24, 26, and 27 are hereby canceled without 
prejudice or disclaimer. Thus, it is respectfully submitted that the rejections of these claims 
are moot and should be withdrawn. 

Regarding the rejection under 35 U.S.C. § 1 12, first paragraph, it is noted that Claims 
25, 28, and 29 are hereby amended to recite that the UV cut filter is configured to pass light 
of at least 400 nm. This is consistent with the suggestion in the last paragraph on page 2 of 
the Office Action and the description in the original specification, for example, at page 19. 
line 30 to page 20, line 2. Thus, it is respectfully submitted that no new matter is added. 
Accordingly, it is respectfully requested that the rejection under 35 U.S.C. § 1 12, first 
paragraph be withdrawn. 
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Turning now to the remaining rejections under 35 U.S.C. § 103(a), Applicant 
respectfully requests reconsideration of these rejections and traverses these rejections, as 
discussed below. 

Independent Claim 2 recites a dental caries detecting device, comprising ^an 
ultraviolet light source that irradiates ultraviolet light of at least two different intensities, 
including ultraviolet light of first intensity and ultraviolet light of second intensity, onto a 
single measuring area of a tooth." Further, in the device recited in independent Claim 2, ' % the 
fluorescence receiving portion receives first fluorescence by the ultraviolet light of first 
intensity and transmits first fluorescence data to the fluorescence data analysis portion, the 
fluorescence receiving portion receives second fluorescence by the ultraviolet light of second 
intensity and transmits second fluorescence data to the fluorescence data analysis portion, and 
said fluorescence data analysis portion analyzes the first fluorescence data and the second 
fluorescence data in at least one wavelength band." 

Thus, as explained in the exemplary embodiment called the "Light Intensity Change 
Measuring Method" in the original specification, a same area of a tooth is measured with 
ultraviolet light having different light intensities. The fluorescence data changes in response 
to the change in the irradiation intensity because the fluorescence intensity changes according 
to the intensity of the ultraviolet beam. 1 It is respectfully submitted that the cited references 
do not disclose or suggest every feature recited in independent Claim 2. 

Alfano describes a method and apparatus for detecting the presence of caries in teeth. 2 
Specifically, with regard to the luminance embodiment, Alfano describes that the apparatus 
includes a light source 1 1 that outputs the light to illuminate a tooth. 3 In a separate 
embodiment of elastic light scattering, in which fluorescence from a tooth is not detected. 



1 See the original specification, for example, at page 14, line 2 to page 15, line 3 and in Figures 3 and 6. 

2 See Alfano , at column 1, lines 6-7. 

3 See Alfano , at column 6, lines 1-8 and in Figure 8. 
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Alfano describes using light sources 1 1 and 12 and filters 13 and 22 to produce light of 
wavelengths of 500 nm and 600 nm respectively. 4 

In section 4 on page 4, the Office Action relies on Everett as describing a wavelength 
width of 50 nm. 

However, it is respectfully submitted that the cited combination of Alfano in view of 
Everett does not disclose or suggest "an ultraviolet light source that irradiates ultraviolet light 
of at least two different intensities, including ultraviolet light of first intensity and ultraviolet 
light of second intensity, onto a single measuring area of a tooth," as recited in independent 
Claim 2. Accordingly, Alfano also does not disclose or suggest "the fluorescence receiving 
portion receives first fluorescence by the ultraviolet light of first intensity and transmits first 
fluorescence data to the fluorescence data analysis portion, the fluorescence receiving portion 
receives second fluorescence by the ultraviolet light of second intensity and transmits second 
fluorescence data to the fluorescence data analysis portion, and said fluorescence data 
analysis portion analyzes the first fluorescence data and the second fluorescence data in at 
least one wavelength band." 

Instead, Alfano describes an apparatus that detects caries by comparing, at different 
wavelengths, the fluorescent intensity of light emitted from caries teeth and non-carious 
teeth. In order to carry out this comparison, the light irradiated from the light source should 
be invariable in intensity. Thus, Alfano does not disclose or suggest measuring the 
fluorescence light which changes in response to a change in the light intensity of the light 
source, and to compare the fluorescence light irradiated by an ultraviolet beam of strong 
intensity and the fluorescence light irradiated by an ultraviolet beam of weak intensity. 
Further, Everett does not cure this deficiency of Alfano . 



4 See Alfano , at column 9, lines 1-16 and at column 10, lines 3-6. 
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Alfano also describes a filter 13 that is a narrow band filter for adjusting a wavelength 
and a chopper 14 that is an optical filter. These devices are for passing or blocking the light 
beam, and not for changing the intensity of the light source. On the contrary, the present 
application describes an ND filter (neutral filter) which changes the intensity by reducing the 
amount of light. 

The Office Action, in section 3 on page 3, cites column 10, lines 19-25 and 46-47 of 
Alfano as describing that the fluorescence receiving portions (photo detectors 27 and 3 1 ) 
receive fluorescence from a tooth in response to ultraviolet irradiation of at least two different 
light intensities from the ultraviolet light source. However, column 10, lines 19-25 and 46-47 
discusses a light source 1 1 which produces light at a range of frequencies, not intensities. 
Instead, the photo detectors 27 and 31 measure the intensity of the light scattered by the 
tooth, at different wavelengths, not intensities. 

Accordingly, it is respectfully submitted that the combination of Alfano in view of 
Everett does not disclose or suggest every feature recited in independent Claim 2. Thus, it is 
respectfully requested that the rejection of Claim 2, and all claims dependent thereon, as 
unpatentable over Everett in view of Alfano be withdrawn. 

Regarding independent Claim 14, it is noted that independent Claim 14 recites 
"irradiating a single measuring area of a tooth with ultraviolet light of at least two different 
intensities from a light source" and that the fluorescence intensities are measured/^ each 
different light intensity of the ultraviolet light and compared to determine if a dental caries is 
present. Accordingly, in view of the above discussion of Alfano in view of Everett , which do 
not disclose or suggest measuring a tooth with different intensities from the light source, it is 
respectfully submitted that Claim 14 patentably defines over Alfano in view of Everett . 
Thus, it is respectfully requested that the rejection of Claim 14, and all claims dependent 
thereon, as unpatentable over Alfano in view of Everett be withdrawn. 
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Independent Claim 23, while directed to an alternative embodiment, recites features 
similar to those discussed above with respect to Claim 14. Thus, it is respectfully submitted 
that Claim 23 patentably defines over Alfano in view of Everett for at least the reasons 
discussed above with respect to Claim 14. Therefore, it is also respectfully requested that the 
rejection of Claim 23, and all claims dependent thereon, as unpatentable over Alfano in view 
of Everett be withdrawn. 

Regarding the rejection of Claim 8 as unpatentable over Alfano in view of Everett , 
and further in view of Karazivan, it is noted that Karazivan is hereby disqualified from being 
used as prior art against the present application. Specifically, it is noted that Karazivan is the 
national stage application of PCT Application No. PCT/CA03/00650, published in English on 
May 8, 2003. The present application claims priority to Japanese Application No. 2003- 
099917, which was filed on April 3, 2003. Applicant submits herewith an English language 
translation of Japanese Application No. 2003-09917, and a statement that the translation is 
correct, thereby perfecting foreign priority. Since the foreign priority date of the present 
application is prior to the filing date of Karazivan and since foreign priority has been 
perfected, the present application antedates Karazivan , thereby removing Karazivan as prior 
art against the present application. 

Accordingly, it is respectfully submitted that the rejection of Claim 8 as unpatentable 
over Alfano in view of Everett , and further in view of Karazivan is moot and should be 
withdrawn. 
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Consequently, in view of the present amendment, no further issues are believed to be 
outstanding in the present application and the present application is believed to be in 
condition for allowance. A Notice of Allowance is earnestly solicited. 
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[Document Name] DESCRIPTION 

[Title of the Invention] DENTAL CARIES DETECTING DEVICE AND 
DENTAL CARRIES DETECTING DEVICE 

[CLAIMS] 

[Claim 1] 

A dental caries detecting device, comprising: 
an ultraviolet light source; 

a fluorescence receiving portion that receives fluorescence from a tooth in 
response to ultraviolet irradiation from the ultraviolet light source; 

a fluorescence data analysis portion that analyzes fluorescence data trans- 
mitted from the fluorescence receiving portion; and 

a data display portion that displays data analyzed by the fluorescence data 
analysis portion, 

said fluorescence data analysis portion analyzing the fluorescence data based 
on the fluorescence intensities in at least two wavelength bands in a visible light 
range. 

[Claim 2] 

A dental caries detecting device, comprising: 
an ultraviolet light source; 

a fluorescence receiving portion that receives fluorescence from a tooth in 
response to ultraviolet irradiation from the ultraviolet light source; 

a fluorescence data analysis portion that analyzes fluorescence data trans- 
mitted from the fluorescence receiving portion; and 

a data display portion that displays data analyzed by the fluorescence data 
analysis portion, 

said fluorescence data analysis portion analyzing data based on a plurality of 
fluorescence intensities in at least one wavelength band that changes in response to 
change in the light intensity of said ultraviolet irradiation. 

[Claim 3] 

The dental caries detecting device according to claim 1 or 2, wherein said fluores- 
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cence data analysis portion calculates the degree of progress of dental caries based 
on said fluorescence intensity in a first wavelength band selected in a wavelength 
band from 550 nm to 810 nm, and said fluorescence intensity in a second wave- 
length band selected from a wavelength band from 380 nm to 550 nm. 

[Claim 4] 

The dental caries detecting device according to claim 1 or 2, wherein said fluores- 
cence data analysis portion calculates the degree of progress of dental caries based 
on said fluorescence intensity in a first wavelength band selected from a wave- 
length band from 550 nm to 810 nm, and one or more of said fluorescence intensi- 
ty in a second wavelength band selected from a wavelength band from 380 nm to 
550 nm and said fluorescence intensity in a third wavelength band selected from a 
wavelength band from 450 nm to 650 nm. 

[Claim 5] 

The dental caries detecting device according to any one of claims 1 to 4, wherein 
said fluorescence receiving portion comprises an optical device that can extract 
information related to said fluorescence intensity in said first wavelength band and 
said second and/or third wavelength band from said visible light range. 

[Claim 6] 

The dental caries detecting device according to claim 5, wherein said optical de- 
vice is one of a spectroscopic luminance meter, a color CCD, a CMOS, or an opti- 
cal sensor with a color filter for at least two colors. 

[Claim 7] 

The dental caries detecting device according to claim 5 or 6, wherein the output 
intensity of said ultraviolet light source is adjustable. 

[Claim 8] 

The dental caries detecting device according to claim 7, wherein said ultraviolet 
light source is an ultraviolet LED. 

[Claim 9] 
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A dental caries detecting method that irradiates a measuring area of a tooth with 
ultraviolet light from a light source and detects a dental caries based on fluores- 
cence from the measuring area, including: 

a first step of obtaining fluorescence information from said measuring area; 

a second step of obtaining the intensity of said fluorescence in at least two 
wavelength bands selected from a first wavelength band selected from a wave- 
length band from 550 nm to 810 nm, a second wavelength band selected from a 
wavelength band from 380 nm to 550 nm and a third wavelength band selected 
from a wavelength band from 450 nm to 650 nm based on said obtained fluores- 
cence information; and 

a third step of carrying out calculation based on said fluorescence intensities 
and determining the presence/absence of dental caries and/or the degree of 
progress of dental caries based on the result of said calculation. 

[Claim 10] 

The dental caries detecting method according to claim 9, wherein said third step 
includes the steps of: 

a step (3.1) of calculating a dental caries degree CDi based on the intensity R 
of fluorescence in said first wavelength band, and the intensity B of fluorescence 
in said second wavelength band G or in said third wavelength band according to 
the following formula (1) or (2): 

CD t =RfB ... formula (1) 

CDi = R/G ... formula (2) 

a step (3.2) of comparing the value of said dental caries degree CDi and a 
lower threshold El; and 

a step (3.3) of determining the presence of dental caries if the value of said 
dental caries degree CDi is larger than said lower threshold Ei, and determining 
the tooth as being healthy if the value of said dental caries degree CDi is equal to 
or smaller than said lower threshold Ei. 

[Claim 11] 

The dental caries detecting method according to claim 1 0, further including: 

a step (3.4) of comparing the value of said dental caries degree CDi and the 
upper threshold Fi if the presence of dental caries is determined in said step (3.3); 
and 
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a step (3.5) of determining the presence of severe dental caries if the value of 
said dental caries degree CDi is larger than the upper threshold Fi and determining 
the presence of minor dental caries if the value of said dental caries degree CDi is 
equal to or smaller the upper threshold F i . 

[Claim 12] 

A dental caries detecting method that irradiates a measuring area of a tooth with 
ultraviolet light from a light source and detects a dental caries based on fluores- 
cence from the measuring area, including: 

a first step of, when there are two said measuring areas, obtaining fluores- 
cence from said measuring areas as first and second information; 

a second step of obtaining said fluorescence intensities in at least two wave- 
length bands selected from a first wavelength band selected from a wavelength 
band from 550 nm to 810 nm, a second wavelength band selected from a wave- 
length band from 380 nm to 550 nm, and a third wavelength band selected from a 
wavelength band from 450 nm to 650 nm based on said first and second informa- 
tion; 

a third step of calculating a dental caries degree CD2 based on said fluores- 
cence intensities according to the following formula (3) or (4): 

CD 2 = |R n - Rc| x |B„ - B c | ...formula (3) or 

CD 2 = |R n - Rc| x |G„ - G c | ...formula (4) 

where R n is the fluorescence intensity in the first wavelength band in the first in- 
formation, G n is the fluorescence intensity in the third wavelength band in the first 
information, B n is the fluorescence intensity in the second wavelength band in the 
first information, Rc is the fluorescence intensity in the first wavelength band in 
the second information, G c is the fluorescence intensity in the third wavelength 
band in the second information, and B c is the fluorescence intensity in the second 
wavelength band in the second information; 

a fourth step of comparing the value of said dental caries degree CD 2 and the 
lower threshold E 2 ; and 

a fifth step of determining the presence of dental caries if the value of said 
dental caries degree CD 2 is larger than the lower threshold E 2 , and determining the 
tooth as being healthy if the value of said dental caries degree CD 2 is equal to or 
smaller than the lower threshold E 2 . 
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[Claim 13] 

The dental caries detecting method according to claim 12, further including: 

a step (5.1) of comparing the value of said dental caries degree CD 2 and the 
upper threshold F 2 if the presence of dental caries is determined in said fifth step; 
and 

a step (5.2) of determining the presence of severe dental caries if the value of 
said dental caries degree CD 2 is larger than said upper threshold F 2 and determin- 
ing the presence of minor dental caries if the value of said dental caries degree 
CD 2 is equal to or smaller than said upper threshold F 2 . 

[Claim 14] 

A dental caries detecting method that irradiates a measuring area of a tooth with 
ultraviolet light from a light source and detects dental caries based on fluorescence 
from the measuring area, including: 

a first step of obtaining fluorescence from said measuring area for at least 
two different light intensities among light intensities Ui, U 2 , and U n where Ui> 
Ui> U 2 ...> U n as first, second, and n-th information, respectively; 

a second step of obtaining first fluorescence intensities Ri, Bi, and Gi, 
second fluorescence intensities R 2 , B 2 , and G 2 , and n-th fluorescence intensities 
R n , B n , and G n of said fluorescence in at least two wavelength bands selected from 
a first wavelength band selected from a wavelength band from 550 nm to 810 nm, 
a second wavelength band selected from a wavelength band from 380 nm to 550 
nm, and a third wavelength band selected from a wavelength band from 450 nm to 
650 nm based on said first information, second information,..., and n-th informa- 
tion; 

a third step of carrying out calculation according to the following formula 

(5): 

(Ri - R 2 ) + (R 2 - R 3 ) + ...+ (R^ - R n ) ...formula (5) 

and 

a fourth step of determining that there is a possibility of dental caries if the 
sign of a result obtained from formula (5) is positive, and determining that the 
tooth is healthy if the sign is negative or the result is zero. 

[Claim 15] 

The dental caries detecting method according to claim 14, further including: 
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a step (4.1) of calculating a dental caries degree CD 3 according to the fol- 
lowing formula (6) if it is determined in said fourth step that there is a possibility 
of dental caries, 

CD 3 = (Rn-i/Rn) x (Bn-i/Bn) ...formula (6) 

a step (4.2) of comparing the value of said dental caries degree CD 3 and an 
upper threshold F 3 ; 

a step (4.3) of determining the tooth as being healthy if the value of said 
dental caries degree CD 3 is equal to or larger than said upper threshold F 3 and de- 
termining the presence of dental caries if the value of said dental caries degree 
CD 3 is smaller than said upper threshold F 3 . 

[Claim 16] 

The dental caries detecting method according to claim 15, further including: 

a step (4.4) of comparing the value of said dental caries degree CD 3 and a 
lower threshold E 3 if the presence of dental caries is determined in said step (4.3); 
and 

a step (4.5) of determining that the dental caries is minor if the value of said 
dental caries degree CD 3 is equal to or larger than said lower threshold E 3 , and de- 
termining that the dental caries is severe if the value of said dental caries degree 
CD 3 is smaller than said lower threshold E 3 . 

[Claim 17] 

The dental caries detecting method according to claim 14, further including: 

a step (4.1) of calculating a dental caries degree CD4 according to the fol- 
lowing formula (7) if it is determined in said fourth step that there is a possibility 
of dental caries, 

CD 4 = (IWRn) x (Gn-i/Gn) ...formula (7) 

a step (4.2) of comparing the value of said dental caries degree CD4 and an 
upper threshold F 4 ; and 

a step (4.3) of determining the tooth as being healthy if the value of said 
dental caries degree CD4 is equal to or larger than said upper threshold F4, and de- 
termining the presence of dental caries if the value of said dental caries degree 
CD 4 is smaller than said upper threshold F 4 . 

[Claim 18] 
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The dental caries detecting method according to claim 1 7, further including: 

a step (4.4) of comparing the value of said dental caries degree CD4 and a 
lower threshold E 4 if the presence of dental caries is determined in said step (4.3); 
and 

a step (4.5) of determining that the dental caries is minor if the value of said 
dental caries degree CD 4 is equal to or larger than said lower threshold E 4 and de- 
termining that the dental caries is severe if the value of said dental caries degree 
CD 4 is smaller than said lower threshold E 4 . 

[Claim 19] 

The dental caries detecting method according to claim 1 4, further including: 

a step (4.1) of calculating a dental caries degree CD 4 according to the fol- 
lowing formula (8) if it is determined in said fourth step that there is a possibility 
of dental caries, 

CD 5 = (Rn-i/Rn) x {(GnVGn) + (B n .,/B n )} ...formula (8) 
a step (4.2) of comparing the value of said dental caries degree CD 5 and an 
upper threshold F5; and 

a step (4.3) of determining the tooth as being healthy if the value of said 
dental caries degree CD 5 is equal to or larger than said upper threshold F 5 , and de- 
termining the presence of dental caries if the value of said dental caries degree 
CD 5 is smaller than said upper threshold F 5 . 

[Claim 20] 

The dental caries detecting method according to claim 1 9, further including: 

a step (4.4) of comparing the value of said dental caries CD 5 and a lower 

threshold E 5 if the presence of dental caries is determined in said step (4.3) and 

a step (4.5) of determining that the dental caries is minor if the value of said 

dental caries CD 5 is equal to or larger than the lower threshold E 5 and determining 

that the dental caries is severe if the value of said dental caries degree CD 5 is 

smaller than said lower threshold E5. 

[Claim 21] 

The dental caries detecting method according to any one of claims 14 to 20, 
wherein said n is 2. 
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[Claim 22] 

A dental caries detecting program enabling a computer to carry out the dental ca- 
ries detecting method according to any one of claims 9 to 20. 

[Detailed Explanation of the Invention] 

[0001] 

[Field of the Invention ] 

The present invention relates to a technique of detecting dental caries, and 
more particularly, to a technique of non-destructively detecting dental caries in 
early stages based on fluorescence information from teeth. 

[0002] 

[Conventional Art] 

Patent Document 1 discloses a conventional technique of detecting dental 
caries using light. The disclosed device irradiates a tooth with red light (600 nm 
to 670 nm) as excitation light and measures only the intensity of fluorescence from 
the tooth received by a photodiode. The device detects dental caries using fluo- 
rescence emitted from oral bacteria, and therefore dental caries can be detected 
when it progresses so far as to form a cavity in the tooth, and bacteria proliferation 
is in progress inside the cavity. 

[0003] 

However, the degree of progress of primary dental caries is not strictly re- 
lated to the presence and number of bacteria. It is often the case with primary 
dental caries in particular that no such bacteria in an oral composition are detected 
in affected locations, and therefore it is difficult to detect primary dental caries us- 
ing the device disclosed by Patent Document 1. More specifically, the analysis 
result according to the fluorescence information depends on the presence/absence 
of oral bacteria, and therefore it is difficult to accurately identify the pres- 
ence/absence of primary dental caries using the device. 

[0004] 

In order to solve the disadvantage associated with the device disclosed by the 
above Patent Document 1, QLF (quantitative light-induced fluorescence) method 
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disclosed by Non-patent Document 1 and Non-patent Document 2 and a device 
based on the method have been developed. The device irradiates a tooth with an 
ultraviolet beam of 380±70 nm, and detects only the intensity of fluorescence not 
less than 520 nm, and the technology takes advantage of the phenomenon that the 
intensity of fluorescence at a dental caries area is lower than that from a healthy 
area. The dental caries detection in this case is unaffected by the presence of 
bacteria, and therefore the presence/absence of dental caries can be detected more 
accurately than the device disclosed by Technical Document 1. As will be de- 
scribed in connection with the following Comparative Example 2, change in an 
actual mineral decreasing ratio does not match change in the fluorescence intensity 
not less than 520 nm, and therefore the degree of progress of primary dental caries 
cannot be measured in this way. 

[0005] 

Patent Document 2 discloses a dental caries detecting device that irradiates a 
tooth with an ultraviolet beam in the range from 360 nm to 580 nm and measures 
fluorescence not less than 620 mn from the tooth. The device measures only red 
fluorescence specific to a dental caries area and does not detect oral bacteria as in 
Patent Document 1 . The device according to Patent Document 2 is however di- 
rected to measuring only red fluorescence whose intensity is low, which is not suf- 
ficient for detecting the presence/absence of dental caries and is liable to the effect 
of the measurement environment such as the effect of external light. This lowers 
the detection sensitivity. 

[0006] 

Meanwhile, as a technique of accurately detecting and quantitatively deter- 
mining the degree of progress of dental caries is disclosed by Non-patent Docu- 
ment 3. According to the disclosed technique, an extracted decayed tooth is 
sliced and a micro X-ray photograph of its section is taken. The tooth is com- 
pared to a healthy tooth based on information in the photograph, and the mineral 
decreasing ratio is calculated to quantitatively determine the progress of the dental 
caries. The progress of dental caries can surely be determined by this method, 
but the tooth must be removed and sliced in order to carry out the measurement. 

[0007] 
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[Patent Document 1 ] 

Japanese Patent Laid-Open Publication No. 2001-299699 
[Patent Document 2] 

European Patent Publication No. 0555645, Description 
[Non-patent Document 1 ] 

Stookey, G. K., et al., Dental caries diagnosis, Dent Clin North Am., 43; 
665-77, 1999 
[Non-patent Document 2] 

Shi, X. Q., et al., Comparison of QLF and DIAGNOdent for qualification of 
smooth surface caries, Caries Res., 35(1): 21-6, 2001 
[Non-patent Document 3] 

Tadashi Yoshikawa, et al., "The Effect of pH and Acting Time of 0.1 M Lactic 
Acid Upon Decalcification of Enamel," Journal of Dental Health , Vol. 40, pp. 671 
to 677, 1990 

[0008] 

[Problems to be Solved by the Invention] 

The present invention relates to a dental caries detecting device and method 
that allow to accurately detect primary dental caries with high sensitivity and allow 
the degree of progress of dental caries to be also detected, and a program to realize 
the method. 

[0009] 

[Means for Solving the Problems] 

The inventors have found that when a healthy tooth is irradiated with an ul- 
traviolet beam (i-ray of 365 nm from a mercury lamp), strong fluorescence is gen- 
erated about in the range from 400 nm to 500 nm (corresponding to blue). While 
dental caries is irradiated with the same beam, fluorescence about in the range 
from 400 nm to 500 nm is weak and fluorescence about in the range from 600 nm 
to 800 nm (corresponding to red) is generated. 

[0010] 

The inventors have also found that when the intensity of ultraviolet irradia- 
tion is reduced, fluorescence corresponding to blue and red is lowered for dental 
caries, while for a healthy tooth, the fluorescence corresponding to blue is weaker 
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but fluorescence corresponding to red is stronger. 
[0011] 

The invention was made based on the above-described findings. A dental 
caries detecting device according to the invention includes an ultraviolet light 
source, a fluorescence receiving portion that receives fluorescence from a tooth 
based on ultraviolet irradiation from the ultraviolet light source, a fluorescence da- 
ta analysis portion that analyzes fluorescence data transmitted from the fluores- 
cence receiving portion, and an analysis data display portion that displays analysis 
data analyzed by the fluorescence data analysis portion. The fluorescence data 
analysis portion analyzes the fluorescence data based on the fluorescence intensi- 
ties in at least two wavelength bands in a visible light range. 

[0012] 

The use of the detecting device according to the invention allows primary 
dental caries to be detected with high sensitivity, so that non-surgical treatment of 
primary dental caries without cutting the affected area can be carried out more eas- 
ily. Additionally, the dental caries detecting device according to the invention 
can measure the degree of progress of dental caries. The process of treatment of 
the primary dental caries can be observed, and the degree of recovery can be 
checked. Therefore, the progress of the dental caries or its recovery can specifi- 
cally be pointed out to the patient. The importance and effects of dental caries 
prevention treatment can be appreciated, which can contribute to maintenance and 
improvement of oral health. 

[0013] 

The dental caries detecting device according to the invention measures the 
surface of a tooth, so that dental caries can be detected more precisely, and areas 
between teeth that are difficult to measure can be measured (measured in one loca- 
tion), or a healthy area and a dental caries area of a tooth can be compared and 
measured (measured in two locations). The fluorescence data is analyzed based 
on fluorescence intensities in at least two wavelength bands in the visible light 
range, so that dental caries (primary dental caries in particular) and its degree of 
progress can accurately be detected with high sensitivity. 
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[0014] 

Furthermore, using the dental caries detecting device according to the inven- 
tion, a wavelength band showing different changes between a dental caries area 
and a healthy tooth area can be selected in fluorescence data from a tooth that 
changes according to change in the intensity of ultraviolet irradiation, so that anal- 
ysis can be carried out based on a plurality of fluorescence intensities in the wave- 
length band. In this way, the presence of dental caries (primary dental caries in 
particular) and its progress degree can accurately be detected with high sensitivity. 

[0015] 

In this application, the "first wavelength band" shall refer not only to the 
red-corresponding wavelengths but also to a wavelength band selected from the 
wavelength band from 550 nm to 810 nm including wavelengths corresponding to 
green and having an arbitrary wavelength width. The "second wavelength band" 
shall refer not only to the blue-corresponding wavelengths but also to a wave- 
length band selected from the wavelength band of 380 nm to 500 nm including the 
green-corresponding wavelengths and having an arbitrary wavelength width. The 
"third wavelength band" shall refer not only to the green-corresponding wave- 
lengths, but also to a wavelength band selected from the wavelength band of 450 
nm to 650 nm including the red-corresponding wavelengths and the 
blue-corresponding wavelengths and having an arbitrary wavelength width. 

[0016] 

The wavelength width of the first wavelength band is from 0.1 nm to 260 
nm, preferably from 50 nm to 260 nm. The wavelength width of the second wa- 
velength band is from 0.1 nm to 270 nm, preferably from 50 nm to 270 nm. The 
wavelength width of the third wavelength band is from 0. 1 nm to 200 nm, prefera- 
bly from 50 nm to 200 nm. 

[0017] 

When fluorescence data is divided into data pieces in a plurality of wave- 
length bands using a band-pass filter, the numerical range of wavelengths included 
in each wavelength band can change depending on the characteristic of the filter. 
For example, using a primary color CCD having a band-pass filter already incor- 
porated, the central wavelength is typically 650±50 for the first wavelength band 
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(corresponding to red), 450±50 for the second wavelength band (corresponding to 
blue), and 550±50 for the third wavelength band (corresponding to green). 
However, other than these wavelength ranges, the wavelength bands may overlap 
one another depending on the characteristic of the filter. Using the filter having 
the filter characteristic in Fig. 1, the red wavelength band is from 350 to 450 and 
from 550 to 750, which is included in the first wavelength band in this application. 

[0018] 

[Mode for carrying out the Invention] 

Now, a dental caries detecting device, a dental caries detecting method, and 
a dental caries detecting program according to a preferred embodiment of the in- 
vention will be described in connection with the accompanying drawings. 

As shown in Fig. 2, a dental caries detecting system (dental caries detecting 
device) 1 according to the embodiment includes an ultraviolet irradiation device 
(ultraviolet light source) 2, a fluorescence receiving device (fluorescence receiving 
portion) 3 that receives fluorescence emitted from a tooth in response to ultraviolet 
irradiation from the ultraviolet irradiation device 2, a data analysis portion 4 that 
analyzes data transmitted from the fluorescence receiving device 3, and a display 
(analysis data display portion) 5 that displays analysis data analyzed by the data 
analysis portion 4. 

[0019] 

The data analysis portion 4 divides fluorescence data into data pieces in two 
or more wavelength bands in the visible light range, and can analyzes the data 
pieces based on the fluorescence intensities in the respective wavelength bands. 

Now, the dental caries detecting system 1 will be described in detail. 

[0020] 

The dental caries detecting system 1 has a main control portion 1 0 (that will 
be detailed) that controls the system as a whole. The main control portion 1 0 is 
connected with the ultraviolet irradiation device 2 and the fluorescence receiving 
device 3 through an input/output control portion 1 1 and also connected with a sto- 
rage device 12, a display 5, and an output device 13. 

[0021] 
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The ultraviolet irradiation device 2 may be any type that irradiates an ultra- 
violet beam about in the range from 300 nm to 400 nm, and can adjust an irradia- 
tion intensity. The ultraviolet irradiation device 2 is, for example, an ultraviolet 
LED, a mercury lamp, and a metal halide lamp. The ultraviolet LED can have its 
ultraviolet irradiation intensity adjusted. For example, the light intensity may be 
adjusted as the input/output control portion 1 1 controls the amount of current pas- 
sage or adjusted by changing the number of LEDs to be turned on. 

[0022] 

In the mercury lamp or metal halide lamp, irradiated light passes through a 
visible light cut filter and becomes ultraviolet light whose intensity can be ad- 
justed. The intensity can be adjusted, for example, by controlling the current 
value or using an ND filter. 

A material to guide ultraviolet light from the ultraviolet irradiation device 2 
is not specified and may be any material having low ultraviolet absorptivity such 
as an optical fiber having a core made of quartz glass or a polymer material, 
through which light is directly irradiated upon a tooth. 

[0023] 

In the fluorescence receiving device 3, light in the ultraviolet range is ab- 
sorbed as fluorescence from a tooth caused by the ultraviolet irradiation passes the 
ultraviolet cut filter 14, and only light in the visible light range is received by the 
optical device through the optical fiber. 

The optical device may be any device that can obtain information including 
color information as fluorescence data from the fluorescence in the visible light 
range, and can transmit the information to the input/output control portion 1 1 . 

The input/output control portion 1 1 A/D-converts the information from the 
optical device. 

[0024] 

The above-described optical device may be, for example, a spectroscopic 
luminance meter, a color CCD, a CMOS, or an optical sensor with a color filter for 
two or more colors. 

More specifically, the spectroscopic luminance meter separates fluorescence 
into color lights (red, green, and blue lights and the like) using a prism or the like, 
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and these color lights are taken into the optical sensor to obtain information about 
each of the colors. 

[0025] 

The color CCD receives light at its two-dimensionally arranged elements 
having color filters (for RGB primary colors, and CMYG complementary colors) 
and obtains color information based on electrical signals from these elements. 

More specifically, the optical sensor having a color filter for two or more 
colors (band-pass filter) obtains information only on fluorescence in a particular 
wavelength for each of wavelength bands based on electrical signals from light 
receiving elements such as a photo-multiplier and a silicon photodiode. 

[0026] 

The storage device may be any device that can store analysis data obtained 
from the data analysis portion 4, and, for example, a hard disk, a flexible disk, or 
an optical disk can be used.. 

[0027] 

The display 5 may be any device that can display the above-described analy- 
sis data and information necessary for selecting analysis data (such as the number 
of measuring areas and change in the light intensity), and, for example, a CRT dis- 
play or a liquid crystal display can be used. 

The output device 13 may be any device that can output the analysis data 
described above and, for example, a printer can be used. 

[0028] 

The main control portion 10 includes a CPU 15, an internal memory 16, and 
a fluorescence data analysis portion 4. The CPU 15 decodes and carries out in- 
structions from a control program such as an OS (operating system) and a dental 
caries detecting program. The internal memory 16 temporarily stores information 
from the input/output control portion 1 1 or analysis data from the storage device 
12. 

The fluorescence data analysis portion 4 is implemented as means including 
the dental caries detecting program, the CPU 15, and a hardware resource (com- 
puter) such as a main memory acting in corporation with one another when the 
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dental caries detecting program is carried out by the CPU 15. 
[0029] 

The dental caries detecting program can enable the CPU 15 to carry out a 
measuring area number selecting function, a light intensity changing function, a 
data obtaining function, a wavelength band selecting function, a dental caries de- 
gree operating function, and a dental caries presence/absence and progress degree 
determining function. The following dental caries detecting method is made of 
these functions. 

[0030] 

Now, the dental caries detecting method according to the embodiment will 
be described in association with various functions enabled by the dental caries de- 
tecting program with reference to Figs. 3 to 9. 

The dental caries detecting methods share the main processing (SI to S3, S5) 
and are largely divided into three kinds depending upon the difference in the pur- 
pose or method of detection, i.e., a single area measuring method (S4, SI 1 to SI 9), 
a comparison measuring method (S21 to S30), and a light intensity change mea- 
suring method (S31 to S35, S41 to S48, S51 to S58, S61 to S68). 

[0031] 

According to the single area measuring method, the presence/absence of 
dental caries or the progress degree of the dental caries is detected at a visually 
observable caries area, an area suspected to have dental caries, or a dental caries 
area located, for example, between teeth or an occluded area that is not visually 
observable. According to the method, a single location suspected to have dental 
caries is measured at least once. According to the comparison measuring me- 
thod, the presence/absence or progress degree of dental caries is detected in a vi- 
sually observable dental caries area or an area suspected to have dental caries (he- 
reinafter simply as "dental caries area"). According to the method, the same 
tooth is measured independently in two locations, i.e., locations in a dental caries 
area and a healthy area. 

According to the light intensity change measuring method, the pres- 
ence/absence and progress degree of dental caries are detected regardless of 
whether or not a dental caries area is visually observable. According to the me- 
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thod, the light intensity of ultraviolet irradiation is varied, while a location sus- 
pected to have dental caries is measured a number of times. 

[0032] 

More specifically, as shown in Fig. 3, the CPU 15 controls the display 5 to 
indicate whether or not to measure (SI), and if the measurement is to be carried 
out, the CPU controls the display to indicate whether or not the number of mea- 
suring areas is "1" (S2). 

If the number of measuring areas is not "1, M the process branches to 
processing according to the "comparison measuring method" (branch B that will 
be detailed), and if the number of measuring areas is "1," the CPU 15 controls the 
display to indicate whether or not to change the light intensity of the light source 
depending on the light intensity change selecting function according to the dental 
caries detecting program (S3). 

[0033] 

If the light intensity of the light source is changed, the process branches to 
the "light intensity change measuring method" (branch C that will be detailed), and 
if the light intensity of the light source is not changed, the CPU 1 5 carries out the 
processing according to the "single area measuring method." 

[0034] 

Now, according to the single area measuring method, the operator irradiates 
an area of interest using the ultraviolet irradiation device 2, and then obtains in- 
formation from the tooth using the fluorescence receiving device 3. 

Then, the CPU 15 obtains the information from the optical device into the 
internal memory 16 as AD-converted digital signals by the input/output control 
portion 1 1 based on the data obtaining function enabled by the dental caries de- 
tecting program, and stores luminance values (fluorescence intensities) R, B, and 
G for each of the first to third wavelength bands in the internal memory 16 (S4). 

[0035] 

Herein, the first wavelength band (corresponding to red) preferably has wa- 
velengths from 550 nm to 810 nm in the visible light range (380 nm to 810 nm), 
more preferably in the range from 580 nm to 680 nm. 
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The second wavelength band (corresponding to blue) preferably has wave- 
lengths from 380 nm to 550 nm in the visible light range, more preferably from 
400 nm to 500 nm. 

The third wavelength band (corresponding to green) preferably has wave- 
lengths from 450 nm to 650 nm in the visible light range, more preferably from 
500 nm to 600 nm. 

[0036] 

Then, as shown in Fig. 4, the CPU 15 obtains luminance values R, B, and G 
according to the dental caries degree operating function enabled by the dental ca- 
ries detecting program, and carries out calculation to obtain a dental caries degree 
CDi (SI 1) based on the values according to the following formula (1): 

CDi = RJB ...formula (1) 

The dental caries degree CDi is based on the characteristic that the lumin- 
ance value R of the dental caries area increases while the luminance values B and 
G decrease as a dental caries progresses, and the degree of progress of dental ca- 
ries is represented by a quantitative increasing function. 

[0037] 

In this case, the absolute intensity of the luminance B is larger than the lu- 
minance G, and therefore external effects such as external light are small and noise 
is small. Therefore, the dental caries degree CDi can be calculated with higher 
precision. Using the luminance G in place of the luminance B, a dental ca- 

ries degree CDi 2 can be calculated according to the following formula (1 .2): 

CD12 = R/G ...formula (1 .2) 

[0038] 

The processing from steps S12 to S19 is carried out by the CPU 15 accord- 
ing to the dental caries presence/absence and progress degree determining function 
enabled by the dental caries detecting program. 

In step SI 2, the dental caries degree CDi is compared to a lower threshold 
Ei. Herein, the "lower threshold" shall refer to a value used for distinguishing a 
healthy tooth from dental caries (particularly primary dental caries, which also ap- 
plies to the following description), and the threshold varies depending on condi- 
tions such as the irradiation intensity and the irradiation area by the ultraviolet ir- 
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radiation device 2 or conditions such as the optical path length and the sensitivity 
of the light receiving elements in the fluorescence receiving device 3. The thre- 
shold is determined by calibration in the dental caries detecting system 1 . 

[0039] 

If the dental caries degree CDi is equal to or smaller than the lower threshold 
Ei, it is indicated that the tooth is healthy (analysis data), and the process returns to 
SI in the main processing (SI 8 and SI 9). If the dental caries degree CDi is larg- 
er than the lower threshold Ei, it is indicated that there is dental caries (analysis 
data) (SI 3). 

[0040] 

In SI 4, the dental caries degree CDi is compared to an upper threshold Fi. 
Herein, the "upper threshold" shall refer to a value used for distinguishing minor 
dental caries from severe dental caries, and is determined in the same manner as 
the lower threshold. 

[0041] 

If the dental caries degree CDi is smaller than the upper threshold Fi, it is 
indicated that there is minor primary dental caries (analysis data) (SI 5). If the 
dental caries degree CD\ is equal to or larger than the lower threshold Fj, it is in- 
dicated that there is severe primary dental caries (analysis data) (SI 6), and the 
process returns to SI in the main processing (SI 7). 

[0042] 

In step S2, if the number of measuring areas is not "1," the CPU carries out 
the processing according to the "comparison measuring method." 

Now, according to the comparison measuring method, the operator irradiates 
a dental caries area (dental caries suspected area) and a healthy area in the vicinity 
at the same tooth with ultraviolet light using the ultraviolet irradiation device 2. 
Then, the operator obtains first information from fluorescence at the dental caries 
area and second information from fluorescence at the healthy area using the fluo- 
rescence receiving device 3. 

[0043] 
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Now, as shown in Fig. 5, the CPU 15 obtains the first and second informa- 
tion from the optical device as digital signals AD-converted by the input/output 
control portion 1 1 according to the image data obtaining function enabled by the 
dental caries detecting program, and the digital signals are stored in the internal 
memory 1 6 as the luminance of the dental caries area (R^, B c , G c ) of the dental ca- 
ries area and the luminance (R n , B n , G n ) of the healthy area divided for each of the 
first to third wavelength bands according to a three color dividing function enabled 
by the dental caries detecting program (S21). 

[0044] 

Then, the CPU 1 5 obtains the average value of each of the luminance values 
(Rc, B c , G c ) of the dental caries area and the luminance values of (R n , B n , G n ) of 
the healthy area according to the dental caries degree operating function enabled 
by the dental caries detecting program, and using the obtained average values, the 
dental caries degree CD 2 is calculated (S22) according to the following formula 
(2): 

CD 2 = |R„ - Rc| x |B n - B c | ...formula (2) 
[0045] 

The dental caries degree CD 2 is based on the characteristic that the lumin- 
ance value Rc of the dental caries area is larger than the luminance value R n of the 
healthy area and the luminance values B c and G c of dental caries area are smaller 
than the luminance values B n and G n of the healthy area as the dental caries 
progresses. The degree of progress of dental caries is represented by a quantita- 
tive increasing function. 

[0046] 

In this case, the absolute intensity of the luminance B is larger than the lu- 
minance G, and therefore the effect of external light or the like is less likely and 
noise is small. Therefore, in view of improving the accuracy of the dental caries 
degree CDi, the luminance G is not used, but simply in view of comparison to the 
luminance R, the dental caries degree CD 22 may be calculated using the luminance 
G instead of the luminance B according to the following formula (2.2). Alterna- 
tively, using the luminance G as well as the luminance B, the dental caries degree 
CD 23 may be calculated according to the following formula (2.3): 
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CD 22 = |R„ - Rc| x |G„ - G c | ..formula (2.2) 

CD 23 = |R n - Rcl x {|B n - B c | + |G„ - G c |} ...formula (2.3) 

[0047] 

The processing from S23 to S30 is the processing carried out by the CPU 15 
according to the dental caries presence/absence and progress degree determining 
function enabled by the dental caries detecting program, and substantially the same 
as the processing from S12 to SI 9. 

[0048] 

In step S23, the dental caries degree CD 2 is compared to a lower threshold 

E 2 . 

If the dental caries degree CD 2 is equal to or smaller than the lower threshold 
E 2 , it is indicated that the tooth is healthy and the process returns to SI in the main 
processing (S29, S30). If the carried degree CD 2 is larger than the lower thre- 
shold E 2 , it is indicated that there is dental caries (S24). 

[0049] 

In step S25, the dental caries degree CD 2 is compared to an upper threshold 

F 2 . 

If the dental caries degree CD 2 is smaller than the upper threshold F 2 , it is 
indicated that there is minor primary dental caries (S26). If the dental caries de- 
gree CD 2 is equal to or larger than the upper threshold F 2 , it is indicated that there 
is severe primary dental caries (S27), and the process returns to SI in the main 
processing (S28). 

[0050] 

In step S3, when the light intensity of the light source is changed, the CPU 
1 5 carries out processing according to the "light intensity change measuring me- 
thod." 

Now, according to the light intensity change measuring method, using the 
ultraviolet irradiation device 2, the operator irradiates the same area of the same 
tooth with ultraviolet light having different light intensities Ui and U 2 (Ui > U 2 ). 
Using the fluorescence receiving device 3, first information is obtained from the 
fluorescence for the light intensity Ui and second information is obtained from the 
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fluorescence for the light intensity U2. 
[0051] 

Now, as shown in Fig. 6, the CPU 15 obtains the first and second informa- 
tion from the optical device as digital signals AD-converted by the input/output 
control portion 1 1 according to the data obtaining function enabled by the dental 
caries detecting program, and the digital signals are stored in the internal memory 
16 as the luminance (Ri, B|, Gi) for the light intensity Ui and the luminance (R2, 
B2, G2) for the light intensity U2 for each of the first to third wavelength bands 
(S3 1 , S3 2). There may be two or more light intensity values. 

[0052] 

Then, the CPU 15 determines the relation between the luminance Ri of the 
light intensity Ui and the luminance R2 of the light intensity U 2 according to the 
dental caries presence/absence and progress degree determining function enabled 
by the dental caries detecting program. More specifically, it is determined 
whether the sign of (Ri - R 2 ) is positive (+) (S3 3), and if the sign is positive (+), a 
possibility of dental caries is indicated (S34). If the sign is negative (-), it is in- 
dicated that the tooth is healthy, and the process returns to SI in the main 
processing (S35). Besides this determining method, the correlation between a 
plurality of luminance data pieces and irradiation intensity values may be obtained, 
so that if the correlation is "positive," it may be determined that there is dental ca- 
ries and if the correlation is "negative," it may be determined that the tooth is 
healthy. 

[0053] 

The processing from S3 3 to S3 5 is based on the characteristic that the lu- 
minance R 2 is smaller than the luminance Ri for a dental caries area (a positive 
correlation with the ultraviolet irradiation intensity), while the luminance R 2 is 
larger than the luminance R\ for a healthy area (a negative correlation with the ul- 
traviolet irradiation intensity), so that the presence/absence of dental caries is de- 
termined before the degree of its progress is determined. 

[0054] 

The processing after S34 branches to three parts, i.e., processing for a dental 
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caries degree CD 3 (branch D|, S41 to S48), processing for a dental caries degree 
CD 4 (branch D2, S51 to S58), and processing for a dental caries degree CD 5 
(branch D 3 , S61 to S68) according to the differences in operating processing for 
the dental caries degrees. 

[0055] 

As shown in Fig. 7, in the processing for the dental caries degree CD 3 , the 
CPU 15 obtains the luminance values Ri, Bi, and Gi of the light intensity Ui and 
the luminance values R2, B2, and G2 of the light intensity U2 according to the den- 
tal caries degree operating function enabled by the dental caries detecting program, 
and using these values, the dental caries degree CD3 is calculated (S41) according 
to the following formula (3): 

CD 3 = (R1/R2) x (B!/B 2 ) ...formula (3) 

[0056] 

The dental caries degree CD3 represents dental caries progress degree as a 
function in consideration of the characteristic that the luminance values R2, B2, and 
G2 are smaller than Ri, Bi, and Gi, respectively for a dental caries area, while for a 
healthy area, the luminance values B 2 and G 2 are smaller than the luminance val- 
ues Bi and Gi, respectively but the luminance value R 2 is larger than the lumin- 
ance value Ri. 

[0057] 

The processing from S42 to S48 is carried out by the CPU 15 according to 
the dental caries presence/absence and progress degree determining function 
enabled by the dental caries detecting program, and is substantially the same as the 
processing from S23 to S30. 

In S42, the dental caries degree CD 2 is compared to an upper threshold F 3 . 
If the dental caries degree CD 3 is equal to or larger than the upper threshold F 3 , it 
is indicated that the tooth is healthy, and the process returns to SI in the main 
processing (S47 and S48). If the dental caries degree CD 3 is smaller than the up- 
per threshold F 3 , the process proceeds to S43. 

[0058] 

In S43, the dental caries degree CD 3 is compared to a lower threshold E 3 . 
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If the dental caries degree CD3 is larger than the lower threshold E3, it is indicated 
that there is minor primary dental caries (S44). If the dental caries degree CD 2 is 
equal to or larger than the lower threshold E 3 , it is indicated that there is severe 
primary dental caries (S45), and the process returns to SI in the main processing 
(S46). 

[0059] 

As shown in Fig. 7, the processing for the dental caries degree CD4 is dif- 
ferent from the processing for the dental caries degree CD3 only in the processing 
in S51. 

In S51, using the luminance values Ri, Bi, and Gi of the light intensity Ui 
and the luminance values R2, B2, and G2 of the light intensity U2, the dental caries 
degree CD4 is calculated according to the following formula (4): 

CD 3 = (R1/R2) x (G1/G2) ...formula (4) 

The other processing is carried out in the same manner as that described 
above, and therefore will not be described. 

[0060] 

As shown in Fig. 8, the processing for dental caries degree CD 5 is different 
from the processing for the dental caries degree CD3 only in the processing in S61, 
S62, and S63. 

In S61, using the luminance values Ri, Bi, and Gi of the light intensity Ui 
and the luminance values R2, B2, and G2 of the light intensity U 2 , the dental caries 
degree CD 5 is calculated according to the following formula (5): 
CD 5 = (R1/R2) x {(B1/B2) + (G1/G2)} ...formula (5) 

In S62, the upper threshold F5 is set in a different manner, and in S63, the 
lower threshold E5 is set in a different manner. The other processing is carried 
out in the same manner as that described above, and therefore will not be de- 
scribed. 

[0061] 

According to the light intensity change measuring method described above, 
although not shown, in addition to the dental caries degrees CD 3 , CD 4 , and CD5, a 
dental caries degree CD 6 may be calculated according to the following formula 
(6): 
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CD 6 = (Ri/R 2 ) x (B!/B 2 ) x (G,/G 2 ) ...formula (6) 



[0062] 

As in the foregoing, by the dental caries detecting method according to the 
embodiment, the dental caries degrees CD can be represented by a quantitative 
function based on the luminance values R, B, and G ranging between high and low 
energy values. The dental caries degree CD is compared to the lower threshold E 
and the upper threshold F, so that it can be determined accurately and with high 
sensitivity whether primary dental caries not yet fractured by bacteria is actually 
"healthy tooth," " minor dental caries," or "severe dental caries." 

[0063] 

According to the embodiment, the dental caries detecting methods can 
largely be divided into three measuring kinds, i.e., a method using data obtained 
from a single location, a method comparing data obtained from two locations, and 
a measuring method while changing the light intensity. These methods are em- 
ployed separately or in combination depending upon the purpose or area for mea- 
suring, so that the presence/absence and progress degree of dental caries can effi- 
ciently and accurately be detected. 

[0064] 

More specifically, the method using data from one location can be applied 
not only to visually observable areas but also areas between teeth or occluded 
areas that are relatively difficult to obtain an area for comparison. The pres- 
ence/absence of dental caries or the progress degree of the dental caries can be de- 
tected simply by measuring in the single location. The method can advanta- 
geously be applied to any area as a method that allows dental caries to be instan- 
taneously detected based on the obtained dental caries degree CDi. 

[0065] 

According to the measuring method that compares data from two locations, a 
visually observable dental caries area or an area suspected to have dental caries is 
measured in two locations in comparison with a healthy area, so that the pres- 
ence/absence or degree of progress of the dental caries can be detected. The 
measuring method is advantageous in that the degree of progress of dental caries 
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can be detected instantaneously based only on the dental caries degree CD 2 in con- 
sideration of comparison between the dental caries area and the healthy area. 

[0066] 

According to the light intensity change measuring method, the same dental 
caries area is measured at least twice while the intensity of ultraviolet irradiation is 
changed, and the degree of progress of dental caries can be detected. The mea- 
suring method is advantageous in that the presence/absence of dental caries can 
instantaneously be detected simply by comparing the luminance values Rj and R2 
of different light intensities, and that the degree of progress of dental caries cor- 
responding to the depth of the tooth can be obtained in response to changes in the 
light intensity. 

[0067] 

The dental caries detecting method according to the invention can be carried 
out by using a dental caries detecting system 1 having a dental caries detecting 
program incorporated therein. 

The invention is not limited to the above-described embodiment, and may be 
modified in various manners. 

For example, according to the light intensity measuring method, the light 
intensity is changed between two levels, but the light intensity may be changed 
among three or more levels, and arbitrary two kinds of information (fluorescence 
data) may be obtained to calculate the dental caries degrees CD 3 to CD 6 . 

The luminance ratios (R1/R2) of different light intensities or the like are used 
for calculating the dental caries degrees CD3 to CD 6 , while alternatively the lu- 
minance inclination or correlation can be used. 

[0068] 

The dental caries degree CD may be compared to the lower and upper thre- 
sholds E and F, or another different threshold may be added to indicate a moderate 
degree between the severe and minor degrees. For example, other than the data 
indicating that the tooth is healthy, the dental caries degree CD itself may be indi- 
cated as analysis data at the display 5, and the analysis data may be output to the 
output device 13. 
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[0069] 
[Examples] 

The inventors evaluated the detection accuracy of the dental caries detecting 
device according to the invention by obtaining the correlation between the method 
disclosed by Non-patent Document 3 that can measure the degree of dental caries 
most accurately among state of the art techniques, Examples 1 to 4 and Compara- 
tive Examples 1 and 2. 

[0070] 

Extracted teeth used for experiments had primary dental caries that could be 
recovered by non-surgical treatment and had no surface fracture. An experienced 
dentist visually checked and classified these sample teeth into three kinds, i.e., 
very primary dental caries (minor), dental caries progressed to some extent (mod- 
erate), and dental caries progressed to almost form a cavity (severe). 

[0071] 

The classified extracted teeth were measured using the dental caries detect- 
ing device according to the invention. Then, according to the method disclosed 
by Non-patent Document 3, the extracted teeth were sliced into samples for micro 
X-ray photographing. In Examples, the correlation coefficient was obtained be- 
tween the results of measuring using the dental caries detecting device according 
to the invention and the mineral decreasing ratio obtained by the method disclosed 
by Non-patent Document 3 in order to prove the accuracy of the dental caries de- 
tecting device according to the invention. 

[0072] 

The mineral decreasing ratio represents the degree of progress of dental ca- 
ries, and is obtained by analyzing computer images as to an area as deep as 300 
microns from the surface using the micro X-ray photographing technique accord- 
ing to the disclosure of Non-patent Document 3. The mineral decreasing ratio in 
a healthy area is 0%, and when the tooth is entirely fractured and lost, the mineral 
decreasing ratio is 100%. 

[0073] 

The dental caries detecting system 1 according to Examples and a dental ca- 
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ries detecting method using the system will be described. A mercury lamp was 
used as the ultraviolet irradiation device 2. The mercury lamp was provided with 
a visible light cut filter passing ultraviolet light having a wavelength of not more 
than 400 nm and could efficiently irradiate i ray. The mercury lamp was pro- 
vided with an ND filter, so that the light intensity can be changed between two le- 
vels, Ui (= 340 mV/cm 2 ) and U2 (= 94 mV/cm 2 ). Ultraviolet light from the mer- 
cury lamp was directly irradiated upon a tooth through an optical fiber. 

[0074] 

A color CCD camera was used as the fluorescence receiving device 3. The 
color CCD was provided with a UV cut filter passing light of at least 400 nm, so 
that fluorescence in the visible light range could be image-sensed. The data was 
A/D-converted to obtain 16-bit luminance values R, B, and G. 

[0075] 

A measuring process at different measuring tooth areas with different light 
intensities Ui and U 2 will be described. 

As for a dental caries area, three locations, a minor area L, a moderate area 
M, and a severe area H were measured, and as for a healthy area in the vicinity (in 
the same tooth), three locations, a healthy area (minor) L', a healthy area (mod- 
erate) M\ and a healthy area (severe) H' were measured. 

[0076] 

Symbols of each of the measuring areas are provided with suffixes "1" and 
"2" corresponding to the light intensities Ui and U2. For example, "Li" 
represents a measuring area for a minor dental caries area irradiated with ultravio- 
let light of the light intensity Ui, while "H2,l" is the measuring location of a severe 
dental caries area irradiated with ultraviolet light of the light intensities U ( and U2. 

The relation between the light intensities Ui and U 2 for each of the measur- 
ing areas and the luminance values R, B, and G measured according to Examples 
is shown in Fig. 10, and data about the light intensities Ui and U2 and the lumin- 
ance values R, B, and G (2 16 = 65536 in maximum) is given in Tables 1 to 3. 

[0077] 
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[Table 1] 



measuring area 




luminance R 


luminance G 


luminance B 


L,' 


Healthy_340mV/cm 2 


2965 


36420 


64597 


L 2 ' 


Healthy_94mV/cm 2 


3408 


13465 


34529 


L, 


Minor_340mV/cm 2 


6345 


23169 


46429 


L 2 


Minor_94mV/cm 2 


4860 


7892 


16608 



[0078] 



[Table 2] 



measuring area 




luminance R 


luminance G 


luminance B 


Mi' 


Healthy_340mV/cm 2 


871 


31447 


61884 


M 2 ' 


Healthy_94mV/cm 2 


3561 


12121 


30485 


Mi 


Minor_340mV/cm 2 


9039 


28355 


51510 


M 2 


Minor_94mV/cm 2 


6432 


11072 


20589 



[0079] 
[Table 3] 



measuring area 




luminance R 


luminance G 


luminance B 


H,' 


Healthy_340mV/cm 2 


284 


40539 


65279 


H 2 ' 


Healthy_94mV/cm 2 


2797 


16054 


41853 


H, 


Minor_340mV/cm 2 


7571 


16315 


28406 


H 2 


Minor_94mV/cm 


6525 


7385 


11810 



[0080] 
[Example 1] 

In Example 1 , according to the "measuring method using data obtained from 
a single location" in the dental caries detecting method according to the embodi- 
ment, the dental caries degree CDi was calculated for the measuring areas Li, Mi, 
Hi, Li\ Mi', and Hi' of the light intensity Ui, and the correlation coefficients be- 
tween the dental caries degree CDi and the mineral decreasing ratio were obtained. 
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[0081] 

[Comparative Example 1 ] 

In Comparative Example 1, according to the technique disclosed by Patent 
Document 2, the light intensity of the ultraviolet irradiation is set to Ui, and mea- 
suring was carried out for the measuring areas Li, Mi, Hi, L\\ Mi', and Hi'. The 
color CCD was provided with a cut filter passing light of at least 620 nm, so that 
the color CCD could obtain only an image of red fluorescence. The image was 
converted into a gray image, and the red luminance (16 bit) for each of the mea- 
suring areas was obtained. The correlation coefficients between the red lumin- 
ance values and the mineral decreasing ratios were obtained. The results of 
measurement according to Example 1 and Comparative Example 1 are given in 
Table 4. 



[0082] 
[Table 4] 









Example 1 
(absolute value) 


Comparative 
Example 1 


measuring area 




mineral de- 
creasing ratio 

(%) 


dental caries 
degree CD i 


red luminance 


L, 


Dental caries 
area 
(minor) 


11.2 


0.137 


6345 


M, 


Dental caries 

area 
(moderate) 


25.6 


0.166 


9039 


1 H, 


Dental caries 
area (severe) 


68.9 


0.267 


7571 


Lf 


Healthy area 


0 


0.046 


2965 [ 


i Mr 


Healthy area 


0 


0.014 


871 


; Hr 


Healthy area 


0 


0.004 


284 | 


correlation coefficient with mineral 


I decreasing ratio 


0.934 


0.702 j 



[0083] 

As shown in Table 4, a high mineral decreasing ratio indicates that the dental 
caries is much in progress. It is established that the correlation between the den- 
tal caries degree CDi and the mineral decreasing ratio is high in Example 1, so that 
the dental caries degree CDi may represent the degree of progress of dental caries 
as an objective and quantitative value. 
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In order to accurately obtain the progress degree of dental caries, the red lu- 
minance must be increased as a value of the mineral decreasing ratio. In contrast, 
in Comparative Example 1, the luminance levels are reversed between the mod- 
erate dental caries area Mi and the severe dental caries area Hi, which is not nec- 
essarily in coincidence with the degree of progress of the dental caries, and there- 
fore it is difficult to detect the degree of progress of the dental caries. 

[0084] 
[Example 2] 

In Example 2, according to the "comparison measuring method" among the 
dental caries detecting methods according to the embodiment, the dental caries de- 
gree CD2 was calculated for the measuring areas (L^ Li'), (Mi, Mi*), and (Hi, Hi') 
of the light intensity Ui and the correlation coefficients between the calculated 
dental caries degrees CD2 and the mineral decreasing ratios were obtained. 

[0085] 

[Comparative Example 2] 

In Comparative Example 2, according to the conventional technique dis- 
closed by Patent Document 1, the light intensity of ultraviolet light was set to Ui, 
and measuring is carried out for the measuring areas (Li, L|'), (Mi, Mi'), and (Hi, 
Hi*). The color CCD was provided with a cut filter passing light of at least 520 
nm, so that an image of single color light from 520 nm to 800 nm can be obtained. 
The image was converted into a gray image, the luminance of the dental caries 
area (16 bits) and the luminance of the healthy area (16 bits) were obtained for 
each of the measuring areas, and the ratio was calculated as relative luminance. 
The correlation coefficients between the relative luminance values and the mineral 
decreasing ratios were obtained. The results of measurement according to Exam- 
ple 2 and Comparative Example 2 are given in Table 5. 

[0086] 



32 



[Table 5] 







( relative com- 
parison) 


Comparative 
Example 2 


mineral de- 
creasing ratio ( 

%) 


dental caries 
degree CD2 


relative lumin- 
ance 


Li, Li' 


Minor area 


11.2 


6.14E+07 


0.730 


Mj, Mi' 


Moderate area 


25.6 


8.47E+07 


0.944 


Hi, Hi' 


Severe area 


68.9 


2.69E+08 


0.493 


correlation coefficient with minera 


decreasing ratio 


0.990 


-0.742 



[0087] 

As in Table 5, it is established that the correlation coefficient between the 
dental caries degree CD 2 and the mineral decreasing ratio is high and the dental 
caries degree CD 2 can represent the degree of progress of dental caries by an ob- 
jective quantitative value. Meanwhile, the relative luminance levels are reversed 
between the moderate areas of dental caries (Mi, Mi f ) and the severe areas of den- 
tal caries (Hi, Hi'), and therefore only the luminance of single color light does not 
necessarily match the degree of progress of the dental caries. It is therefore dif- 
ficult to detect the degree of progress of dental caries. 

[0088] 
[Example 3] 

In Example 3, according to the "light intensity change measuring method" 
among the dental caries detecting methods according to the embodiment, lumin- 
ance changes (Ri - R 2 ), (Gi - G 2 ), and (Bj - B 2 ) and the dental caries degrees CD 3 
and CD4 were calculated for the measuring areas L2,i, M2,i, H2,i, L2/, M2/, 
and H2/ of the light intensities Ui and U 2 , and the correlation coefficients between 
the dental caries degrees CD 3 and CD 4 and the mineral decreasing ratios were ob- 
tained. The results of measuring according to Example 3 are given in Tables 6 
and 7. 

[0089] 
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[Table 6] 









luminance change (340-94) 


measuring 
area 




mineral de- 
creasing ra- 
tio (%) 


R1-R2 


Gi — G2 


B 1 B2 


T 


Dental caries 
area 

( minnr 1 
VlllllJAJl/ 


1 1 .z 


1485 


15277 


27821 


i 

AVA Z, I 


L/CIlLal tal ICb 

area 
(moderate) 


25.6 


2607 


17283 


30921 


H2,l 


Dental caries 
area 
(severe) 


68.9 


1046 


8931 


16596 


Us 


Healthy area 


0 


-443 


22955 


30068 


M 2 ,r 


Healthy area 


0 


-2690 


19326 


31399 


H2,r 


Healthy area 


0 


-2514 


24485 


23426 


correlation coefficient with mineral decreasing 
ratio 


0.557 


-0.890 


-0.739 



[0090] 
[Table 7] 







Example 3 
(intensity change) 


measuring 
area 




mineral de- 
creasing ratio 

(%> 


dental caries de- 
gree CD3 


Dental caries de- 
gree CD 4 




minor area 


11.2 


3.649 


3.833 


M 2 ,i 


Moderate 
area 


25.6 


3.516 


3.599 


H2,l 


Severe area 


68.9 


2.791 


2.564 


correlation coefficient with mineral decreas- 
ing ratio 


-0.995 


-0.998 



[0091] 

As in Table 6, the sign of the luminance change (Ri - R2) is an objective cri- 
terion for determining the presence/absence of dental caries. It is also established 
from Table 7 that the correlation coefficients between the dental caries degrees 
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CD 3 and CD 4 and the mineral decreasing ratios are high, so that the dental caries 
degrees CD 3 and CD 4 can represent the degrees of progress of dental caries by ob- 
jective quantitative values. 

[0092] 
[Example 4] 

In Example 4, dental caries degrees CD 5 and CD 6 were calculated in the 
same manner as in Example 3, and the correlation coefficients between the dental 
caries degrees CD 5 and CD6 and the mineral decreasing ratios were obtained. 

While the dental caries degrees CD3 and CD4 are calculated based on the 
luminance value R and one of the luminance values B and G, the dental caries de- 
grees CD 5 and CD 6 are calculated based on the luminance values R, B, and G. 
The results of measuring according to Example 4 are given in Table 8. 



[0093] 
[Table 8] 



measuring area 






Example 4 
(intensity change) 


mineral de- 
creasing ratio 
(%) 


dental caries de- 
gree CD 5 


dental caries de- 
gree CD 6 


L 2 ,i 


Minor area 


11.2 


7.48 


10.71 




Moderate area 


25.6 


7.11 


9.00 


H2,l 


Severe area 


68.9 


5.35 


6.17 


correlation coefficient with mineral decreasing ratio 


-0.997 


-0.990 



[0094] 

It is established from Table 8 that the correlation coefficients between the 
dental caries degrees CD 5 and CD 6 and the mineral decreasing ratios are high, and 
the dental caries degrees CD 5 and CD 6 can represent the degree of progress of 
dental caries by objective quantitative values. 
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[0095] 

[Effect of the Invention] 

According to the invention, dental caries detecting device and method that 
allow primary dental caries to be accurately detected with high sensitivity and the 
progress degree of the dental caries to be detected can be provided. 

[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 shows the filter characteristic of a color CCD. 

[Fig. 2] Fig. 2 shows the general structure of a dental caries detecting system ac- 
cording to an embodiment of the invention. 

[Fig. 3] Fig. 3 is a flowchart showing dental caries detecting processing (main 
processing and single area measuring processing) based on a dental caries detect- 
ing program according to the embodiment; 

[Fig. 4] Fig. 4 is a flowchart showing dental caries detecting processing (single 
area measuring processing, CDj) based on the dental caries detecting program ac- 
cording to the embodiment. 

[Fig. 5] Fig. 5 is a flowchart showing dental caries detecting processing (compari- 
son measuring processing, CD 2 ) based on the dental caries detecting program ac- 
cording to the embodiment. 

[Fig. 6] Fig. 6 is a flowchart showing dental caries detecting processing (light in- 
tensity change measuring processing) based on the dental caries detecting program 
according to the embodiment. 

[Fig. 7] Fig. 7 is a flowchart showing dental caries detecting processing (light in- 
tensity change measuring processing, CD3) based on the dental caries detecting 
program according to the embodiment. 

[Fig. 8] Fig. 8 is a flowchart showing dental caries detecting processing (light in- 
tensity change measuring processing, CD4) based on the dental caries detecting 
program according to the embodiment. 

[Fig. 9] Fig. 9 is a flowchart showing dental caries detecting processing (light in- 
tensity change measuring processing, CD 5 ) based on the dental caries detecting 
program according to the embodiment. 

[Fig. 10] Figs. 10(a) to 10(f) show the relation between the light intensity and the 
luminance used in Examples 1 to 4, among which Fig. 1 0(a) is a graph showing a 
healthy tooth area (minor); Fig. 10(b) is a graph showing a healthy tooth area 
(moderate); Fig. 10(c) is a graph showing a healthy tooth area (severe); Fig. 10(d) 
is a graph showing a minor dental caries area; Fig. 10(e) is a graph showing a 
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moderate dental caries area; and Fig. 1 OF is a graph showing a severe dental caries 
area 



[Explanation of Reference Numerals] 

1 dental caries detecting system (dental caries detecting device) 

2 ultraviolet irradiation device (ultraviolet light source) 

3 fluorescence receiving device 3 (fluorescence receiving portion) 

4 fluorescence data analysis portion 4 

5 display (analysis data display portion) 
CDi, CD 2 , CD 3 , CD 4 , CD 5 dental caries degree 
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[Document Name] ABSTRACT 
[Abstract] 

[Problems to be Solved by the Invention] 

To provide a dental caries detecting device and method that allow primary 
dental caries to be accurately detected with high sensitivity and the progress de- 
gree of the dental caries to be detected. 
[Means for Solving the Problems] 

A dental caries detecting system 1 according to the invention includes an ul- 
traviolet irradiation device 2, a fluorescence receiving device 3 that receives fluo- 
rescence from a tooth based on ultraviolet irradiation from the ultraviolet irradia- 
tion device 2, a fluorescence data analysis portion 4 that analyzes fluorescence da- 
ta transmitted from the fluorescence receiving device 3, and a display 5 that dis- 
plays analysis data analyzed by the fluorescence data analysis portion 4. The 
fluorescence data analysis portion 4 is adapted to analyze above fluorescence data 
based on the fluorescence intensities in at least two wavelength bands in a visible 
light range. 

[Selected Drawing] Fig. 2 



